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Abstract: 
 
Echocardiography is the commonest form of non-invasive cardiac imaging and is 
fundamental to patient management. However, due to its methodology, it is also 
operator dependent. There are well defined pathways in training and ongoing 
accreditation to achieve and maintain competency.  To satisfy these requirements, 
significant time has to be dedicated to scanning patients, often in the time pressured 
clinical environment. Alternative, computer based training methods are being 
considered to augment echocardiographic training. Numerous advances in 
technology have resulted in the development of interactive programmes and 
simulators to teach trainees the skills to perform particular procedures, including 
transthoracic and transoesophageal echocardiography. 82 sonographers and TOE 
proceduralists utilised an echocardiographic simulator and assessed its utility using 
defined criteria. 40 trainee sonographers assessed the simulator and were taught 
how to obtain an apical 2 chamber (A2C) view and image the superior vena cava 
(SVC). 100% and 88% found the simulator useful in obtaining the SVC or A2C view 
respectively. All users found it easy to use and the majority found it helped with 
image acquisition and interpretation. 42 attendees of a TOE training day utilising the 
simulator assessed the simulator with 100% finding it easy to use, as well as the 
augmented reality graphics benefiting image acquisition. 90% felt that it was realistic. 
This study revealed that both trainee sonographers and TOE proceduralists found 
the  simulation process was realistic, helped in image acquisition and improved 
assessment of spatial relationships. Echocardiographic simulators may play an 
important role in the future training of echocardiographic skills. 
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Introduction 
 
Echocardiography is the commonest form of non-invasive cardiac imaging and is 
fundamental to patient management (1). However, due to its methodology, it is also 
operator dependent. There are well defined pathways in training and ongoing 
accreditation to achieve and maintain competency (2, 3). However, to satisfy these 
requirements, significant time has to be dedicated to scanning patients, often in the 
time pressured clinical environment. Alternative, computer based training methods 
are being considered to augment echocardiographic training. Numerous advances in 
technology have resulted in the development of interactive programmes and 
simulators to teach trainees the skills to perform particular procedures. Simulation 
training is becoming more common in the surgical field (4-7). The more invasive 
specialities within the medical field also have exposure to simulation training, with 
simulators now available for teaching of coronary angiography, bronchoscopy and 
transoesophageal echocardiography (TOE). This study sought to evaluate a novel 
echocardiographic simulator using defined criteria as assessed by trainee 
sonographers and TOE proceduralists. 
 
Materials and Method 
 
Simulator 
The CAE VIMEDIX™ ultrasound simulator provides real time two dimensional and 
augmented reality images whilst scanning a lifelike mannequin. The simulator 
consists of three main components; a mannequin, a transducer and a linked 
computer workstation. The mannequin is a lifelike body from the thighs to and 
including a head. It has palpable rib spaces and a compressible abdomen. There are 
three transducers available; transthoracic, transoesophageal and focused 
assessment with sonography for trauma (FAST) probes. The simulator works by 
using high fidelity sensors within the transducer and mannequin, which provides the 
computer with positional and orientation data to reconstruct the images. No actual 
ultrasound is generated. The technology utilised to generate an image is similar to 
that used in commercial flight simulators. The workstation displays the images as 
acquired, in real time. Numerous display variations are available, including 
conventional B mode imaging and an augmented reality, three dimensional image. 
Typically these two images were displayed simultaneously, side by side in a 50:50 
screen split. See figure 1a & 1b for an example of a TTE and a TOE image. 
Additionally, the simulator enabled selection of various artifacts to be turned on or off, 
such as rib or lung artifacts. There were numerous ways to manipulate the images 
acquired; gain, contrast, heart rate, depth of field, 2D caliper measurement, area 
measurement and image orientation (up-down and left-right). The simulator had a 
library of easily accessible cases, with a normal TTE and normal TOE exam as well 
as multiple pathological entities. The normal exam also enabled M-mode imaging 
and colour Doppler imaging. It is expected that further pathologies will be developed 
and more sophisticated echocardiographic imaging become available, such as 
spectral Doppler, tissue Doppler and contrast imaging (8). 
 
 
Evaluation Sessions 
This study consisted of two separate evaluations of the simulator by two different 
groups of users. The first evaluation involved 40 newly enrolled sonography students 
in a post graduate echocardiography program during a practical skills development 
day. During this practical scanning day, the students would ordinarily be taught how 
to obtain images of healthy normal volunteers. The students were split into small 
groups and practiced on 8 subjects. Additionally, the students were all rotated 
through a station involving use of the simulator for TTE training. They were taught 
how to obtain an apical two chamber view and how to image the superior vena cava 
(SVC) using the simulator. The augmented reality simulator also enabled teaching of 
surrounding structures. Apical two chamber imaging was selected based on the 
recognized difficulty of attaining this view in novice trainees. Selection of SVC 
imaging was based on minimal student experience. Utility of this device was 
assessed by comparison with conventional scanning and completion of an 
anonymous survey. The second evaluation involved 42 attendees at a TOE 
workshop during a large national echocardiography educational event. The 
participants had attended one of four simulator workshops lasting for ninety minutes 
during which they had hands on experience with the simulator immediately after a 
brief introduction and orientation session. This workshop was dedicated to TOE 
training. However, TTE was also performed if requested by the participants. An 
experienced user of the simulator facilitated these sessions. An anonymous 
questionnaire was also completed by participants in the TOE workshop. The 
responses from both groups were collated and analysed using a well recognised and 
accepted online survey system (9). 
 
Results 
 
A total of 82 responses were obtained from the two groups. The following is a 
summary of the pertinent findings from the first workshop.  All sonography students 
thought the simulator was easy to use. 65% strongly agreed and 35% agreed the 
simulator helped in imaging the SVC. 35% strongly agreed and 53% agreed that A2C 
imaging was improved. Both the scanning technique guided by 2D/augmented reality 
images and associated structures visualised aided the students. 87% felt it was 
realistic. 97% reported augmented reality imaging helped in image acquisition and 
interpretation. 85% felt the simulator would accelerate training time. 88% would 
prefer to use it in early training. However, 40% were ambivalent or thought it would 
not replace training on “real” patients. See figure 2 for presentation of all results from 
the trainee sonographer study. 
 
Figure 2: Summary of questionnaire results (%) from TTE simulator course. 
 
The TOE workshop consisted primarily of cardiologists and cardiology registrars 
(70%), with the remainder being intensivists, anesthetists or other (cardiac 
surgeon/cardiac scientists). All participants either strongly agreed or agreed that the 
simulator was easy to use. 90% either strongly agreed or agreed that the simulator 
was realistic. 100% strongly agreed or agreed that the augmented reality graphics 
helped in image acquisition. There was less agreement regarding the need to have 
the simulator in the left lateral position and 10% were ambivalent or disagreed with 
the comment that use of this simulator would replace initial training on real patients. 
See figure 3 for presentation of all results from the TOE study. 
 
Figure 3: Summary of questionnaire results (%) from TOE simulator course. 
 
Discussion 
 
Echocardiography is a frequently requested,  effective, safe, readily available and 
accurate cardiac imaging modality. To meet this demand, structured training 
programmes and numerous accreditation authorities exist to provide and oversee  
competent sonographers. Training in echocardiography can be categorised into two 
distinct areas. First,  theoretical knowledge is required, which can be learnt via 
didactic techniques, such as textbooks and lectures. Second and of equal, if not of 
greater importance is the practical ability to manipulate a transducer on a patient's 
chest to obtain satisfactory and diagnostic images. To become  a proficient 
sonographer, a significant investment in training and time scanning on patients is 
required. Mastering the skill of transducer manipulation spatial orientation and cross 
sectional anatomy may take a year or more of training (3). 
 
However, one of disadvantages of echocardiography is that it is very operator 
dependent. The quality of a scan may also reflect the degree of training or 
supervision that a sonographer experiences. A trainee sonographer typically does an 
"apprenticeship" to develop the necessary practical skills in a clinical environment. 
However, there can be significant limitations to this style of training in this 
environment, especially in the early stages of learning. These include the need for 
dedicated supervisors who act as teachers and the high level of time constraints that 
exist in a typical clinical echocardiography laboratory. In an attempt to address these 
limitations, echocardiographic simulators have been developed. Simulation is a broad 
term encompassing different interactive media (such as computers, mannequins or 
role play) to imitate real life scenarios.  Training with simulators has the dual aims of 
improving practitioner performance in a particular task and  to reduce error (4, 10, 
11).  Simulation is a relative recent addition to the educational portfolio for 
echocardiography. It has a relatively established role in other medical and surgical 
specialities (4-7, 12-16). Virtual reality simulators have even been developed and are 
currently an area of intense interest (4).  
 
The main purpose of this study was to introduce a broad spectrum of 
echocardiography trainees and proceduralists to a novel method of 
echocardiography education and to assess whether this technique may be a valid or 
useful future training tool.  There were three components to this assessment. First 
was the ease of use and interface between the user and simulator. Second was the 
actual benefit or incremental information obtained by using the simulator over 
conventional teaching methods. Third was the perceived role this simulator has in 
future training. 
 All users found the TTE and TOE simulator easy to use. 100% for both groups 
agreed or strongly agreed that the simulator was easy to use. This is a key 
foundation principle in this area due to the complexity of the process being simulated 
and the technology required to do this. If either of these two points prevented ease of 
use, the utility of these devices would be significantly reduced. The next process to 
be assessed is the simulation of transducer motion being translated into realistic 
dynamic image feedback. This is another core foundation of a good simulator. The 
majority of users responded that the simulator was realistic (90% agreed or strongly 
agreed for the TOE simulator and 87% for the TTE simulator). A perceived limitation 
of the simulator by the authors was its orientation in the supine position, rather than 
the left lateral position, in which most TTE and TOE are performed, hence reducing 
the simulation of “real life” scanning.  However, there was a mixed response to the 
question regarding simulator positioning. As expected, more users of the TTE 
simulator would have found it useful to be in the left lateral position (65% agreed or 
strongly agreed, 30% were neutral and only 5% disagreed).  For the TOE simulator 
however, 43% agreed or strongly agreed, 41% were neutral and 16% disagreed or 
strongly disagreed that it should be in the left lateral position.  
 
There were numerous facets to the way this simulator may provide benefit in 
echocardiography training. A key component to this simulator is the simultaneous 
display of the augmented reality image adjacent to the B mode image. There was 
almost universal agreement that this display helped in target image acquisition (98% 
and 100% for TTE and TOE simulator use respectively). This result is due to the 
incremental information obtained using this simultaneous display. 100% of users of 
both the TTE and TOE simulator agreed or strongly agreed that this augmented 
reality image provided benefit in understanding the relationship between the 
transducer, heart and surrounding structures. Additionally, the majority of users 
reported that this augmented reality image helped in transducer manipulation to 
obtain on axis target views (97% and 95% for TTE and TOE simulator use 
respectively). By displaying anatomically correct relationships, the rendered image 
helps the trainee to construct appropriate spatial relations to the displayed B mode 
image as ordinarily these would not be necessarily visualised in the displayed 
ultrasound image. By learning the cardiac anatomy and location of surrounding 
structures, the trainee can manipulate the transducer in a more logical and ordered 
method, rather than a more random approach. This was highlighted by simulator 
helping the sonographer trainees in identifying the SVC and obtaining the apical two 
chamber view (100% and 87% agreed or strongly agreed respectively that the 
simulator was beneficial in this regard). By demonstrating the location of the SVC 
and its immediate anatomic relationships, the students could actually manipulate the 
transducer in a logical manner to bring the SVC into view. 
 
The final component of simulator assessment was the perceived role it may have in 
future echocardiography training. The majority of sonographers thought time on the 
simulator would improve scanning skills (98%) and accelerate training time (85%). 
Most would prefer to use it in early training (88%).  However, 40% were either 
ambivalent or disagreed that the simulator would replace initial training on "real" 
patients.  These results encapsulate the likely role that these simulators may have in 
future training. There is a recognition that they have the potential to develop initial 
scanning skills for trainees in an easy to achieve, time effective and controlled 
environment.  However, it was also recognised that the clinical environment is far 
from controlled and that these simulators cannot fully replicate the imperfect world 
that sonographers operate in. 
 
The responses from the TOE simulator suggested that it may have a stronger role to 
play in training of echocardiography fellows. 88% thought that fellows should spend 
time training on the TOE simulator prior to performance on patients. 100% thought it 
would improve echo skills, 93% thought it would accelerate TOE training time and 
76% thought it would replace initial training on real patients. The invasive nature of a 
TOE (with the associated risks of sedation and anaesthesia) compared to a TTE is 
the likely reason for a stronger case to practice on a simulator during early TOE 
training. 
 
There are numerous reports describing the use of different computer simulations in 
transthoracic and traasoesophageal echocardiography (17-24). These range from 
computer based, interactive programmes to actual simulators with a mannequin 
coupled to various transducers. In a study by Weidenbach et al (22), a computerised 
TTE simulator coupled with a mannequin, was used by 25 final year medical students 
and assessed using a standardised questionnaire. 76% reported decreased anxiety 
about scanning real patients, 88% found it easy or very easy to use and 83% found it 
useful in identifying the relationships between the echocardiographic image and 3D 
anatomy of the heart.  100% reported that the simulator helped in transducer 
manipulation and adjustment of standard imaging planes. However, this study only 
assessed medical students who may or may not progress into a formal scanning 
environment. Another study assessed the role of an echo simulator in teaching of 
congenital heart defects (19). This involved 43 participants of varying experience 
(beginner, intermediate and expert) using the simulator to identify preset congenital 
defects in a blinded manner. Face, content and construct validity was assessed. 
Most participants reported that the simulator was realistic and that it was useful as 
training tool. Mean performance grades were 0.98, 0.69 and 0.44 for expert, 
intermediate and beginner groups respectively. The complexity of congenital heart 
disease echocardiography and the need for good anatomic spatial relationships 
makes the use of echo simulators attractive in this area of imaging. Weidenbach also 
used a TOE simulator to assess expert and novice users using a standardised 
questionnaire (21). For the experiences TOE operators, 82% reported it was realistic 
or very realistic and the majority felt that it may accelerate TOE training and prepare 
trainees to perform a TOE. For novice users, 87% reported the simulator was easy to 
use and over 90% of users reported that the virtual reality image helped with image 
adjustment. 100% reported that the simulator helped in understanding probe 
handling and that it helped demonstrate the spatial relation between the heart, 
transducer and image. In a recent study, Bose et al (18) compared a TOE simulator 
to conventional training to teach 14  anaesthetic residents with no previous TOE 
experience,  A 45 minute written test was performed prior to training and a video 
based multi choice test taken following training.  Both groups had improved scores 
following training but the group taught via the simulator had a significantly higher 
score.  
 
A significant barrier to practical echocardiography education is the lack of training 
positions. Additionally, this training also typically occurs in the clinical environment, 
where time pressures may reduce the ability to provide satisfactory “hands on” 
training and supervision.  The quality of training is also reliant on the instructor’s own 
clinical skills and knowledge, the ability to pass on this information and the amount of 
time that is dedicated to providing this training. Training in transoesophageal 
echocardiography is compounded by its invasive nature and the need to do it whilst 
he patient is either sedated or anaesthetised. This can limit the time available to 
teach echocardiography fellows.  
 
With the technological advances in computing sciences it is hoped that the 
development of on-line simulated training will be possible. For example, this type of 
activity would enable students to practice echocardiographic measurements and 
calculations. This type of on-line interactive program would allow students to improve 
their understanding of measurements and calculations with respect to precise 
techniques and methodology. On-line assessments might also be incorporated into 
this type of activity. Another advantage of developing such a program would allow the 
development of measurement simulations of pathologies that are not commonly 
encountered. For example, mitral stenosis is becoming less and less common but 
when encountered students need to be able to accurately measure the area of the 
mitral valve via 2-dimensional planimetry. A simulation program could provide 
examples of such pathologies to allow students to practice these measurements.  
The use on ultrasound simulators could be beneficial in the development of student’s 
basic skills during the early stages of their training, both for TTE and TOE. For 
example, these simulators could be used to aid students in image acquisition of 
standard echocardiographic images, recognition of cardiac anatomy (especially 
cross-sectional anatomy) and basic measurement techniques. There is also potential 
for the assessment of student’s performance by utilising these simulators. For 
example, students could be allocated tasks over a period of time which could then be 
formally evaluated. The advantage of using an ultrasound simulator over a real 
patient is that learning takes place in a safe environment and the requirement to 
organise human subjects to scan is obviated. As such mistakes could be made 
without having a negative impact on the diagnosis of a patient’s cardiac pathology. In 
addition, students can take their time in performing the examination and 
measurements to ensure that "short cuts" are not made in their initial training. By 
becoming competent on a TOE simulator prior to performance on patients, it would 
be anticipated that echocardiography  fellows would be more familiar with the images 
required and spatial orientation during the procedure on a sedated or anaesthetised 
patient. 
 
 
However, these simulators are unlikely to fully replace clinical learning on real 
patients as all patients are different in terms of anatomy, as well as acoustic imaging 
sites and pathologies encountered. Furthermore, to implement these simulators into 
a formal tertiary program, students would be required to be either on-campus or to 
have ready access to such a device. The simulator would also have to be easy to 
use, requiring minimal instruction. The significant upfront cost of purchasing a 
simulator would also have to be factored into the decision of implementing this 
technology These simulators do not fully reproduce the experience of performing a 
scan as there is a significant difference between interaction between a real 
transducer, patient and echo machine to that of a simulated patient, probe and 
personal computer workstation.  However, these simulators are not primarily 
designed to exactly replicate the “real life” scanning environment. They are designed 
to enable students of echocardiography to become familiar with scanning planes, 
image orientation and cross sectional anatomy. Particularly for echocardiography 
fellows, by obtaining these skills on the simulator prior to performing a TOE on 
patients, it is hoped they will become more proficient at a quicker rate, in the early 
stages of their training. Whilst there is an increasing body of research confirming user 
satisfaction and subjective self reporting surveys suggesting utility,   quantification of 
this concept using defined endpoints is required. 
 
Conclusion 
 
Echocardiography is a fundamental investigation for managing patients but to 
satisfactorily perform a scan requires significant resources for training and 
accreditation. Barriers to this in the future could potentially include increasing 
demand for the service, lack of accredited trainers and inability to integrate the 
required practical training into busy clinical echocardiographic laboratories.  
Additionally, a major limitation of echocardiography is its operator dependence. 
Computerised simulators are becoming more widespread in procedural specialities, 
enabling inexperienced trainees to develop skills in a safe and controlled 
environment, prior to exposure to patients, with the aim to enhance performance, 
effectiveness and safety of a technique. The results of this study revealed that both 
trainee sonographers and TOE proceduralists reported that the echocardiography 
simulation process was realistic and improved assessment of cross sectional 
anatomy and spatial relationships. The augmented reality graphics were found to be 
particularly useful in the learning experience. The TOE simulator had the incremental 
benefit of training proceduralists in the relevant anatomy and biospatial feedback of 
TOE probe manipulation prior to performance on real patients. Whilst more 
quantification of the incremental benefit of simulators is required prior to expanding 
their use (as well as developing formal structured programmes utilising them), it is 
likely that these simulators will have an important role in future TTE and TOE training 
and accreditation. 
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